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SOUND RANGING EFFECTIVENESS MODEL (SREM)
1. INTRODUCTION

Recently, there has been a resurgence of interest in sound ranging
as a target acquisition system. This resurgence of interest may be attributed
to several factors:

(a) Cost -- when compared to other target acquisition systems
sound ranging is relatively inexpensive.

(b) Detectability -- while radars must transmit intermittently
and move periodically to avoid detection, a sound base is passive and may
remain operative continuously.

(c) Commonality -- presently, sound ranging is the most common
system for locating hostile indirect fire weapons among the NATO countries.

(d) Historical success -- during both World War Il and the Korean

War, sound ranging was the most productive target acquisition system available.

In support of this increased interest, AMSAA has developed a sound
ranging effectiveness model (SREM). This model, which is keyed to a two-
sided division level wargame, was developed to examine the loading effects
of different firing rates on present manual sound ranging systems, as well
as to help establish criteria for future system requirements.

The model uses artillery missions generated in the division level
wargame to simulate the associated sounds and the times they reach the
sound base as well as their relative intensities.

Performance estimates for various sound ranging capabilities, based
on 3 1/2 hour-day and 3 1/2-hour night combat simulation, are given. Re-
sults show that although sound ranging wil) often be saturated at the high
firing rates associated with an intense break-through scenario, there are
still many opportunities to locate hostile indirect fire positions.

Appendix A contains a User's Guide on how to set up an input file
and run the program. Appendix B contains a listing of SREM along with
sample inputs and sample outputs.

2, BACKGROUND

The French initiated experiments in sound ranging in September
1914, These experiments led to the organization of sound ranging sections
within the French Army and subsequently, sound ranging sections were rapidly
adopted by all of the Allies.

By 1934, the first US observation battalion, under the Field Artil-
lery, was activated. Improvements made at this time included modifications
to permit the use of standard field wire, more sensitive microphones,
improved designs of recording instruments, more accurate plotting equipment,
and adaptation of procedures to improve tactics. '
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During World War II, the US sound ranging community was expanded
to 25 full observation battalions for approximately 75 percent of all
confirmed targets located during World War II,

By 1950, when the Korean War started, the 1lst Observation Battal-
ion was the only organization of its kind in the US Army, and it was only
at 60 percent full strength. By the end of the Korean conflict, there
were four observation battalions, two of which were in Korea. MNuring the
Korean War, sound ranging, on the average, located 4 percent of all active
batteries on a given day, this represented 59 percent of all locations
made,

In Vietnam, due to the long emplacement time and the large amounts
of wire necessary, sound bases were deployed only alonqg the DMZ, but due
to the poor condition of the equipment (the equipment was World War II
vintage) and the lack of experience of the operators, sound ranging was
deemed to be of little use.

Figure 1 illustrates the typical deployment of a sound base. The
sound observers, labeled 0.P. initiate a paper tape strip recorder, which
is located at the command post, when they detect incoming sounds. The
paper tape records the low frequency responses of the six microphones on
six separate channels as typified in Figure 2. A three foot strip of tape,
corresponding to about six seconds, is activated by the sound observer.

The command post crew would then try to correlate the six breaks, one on
each channel, which resulted from the same sound source. By determining
the differences in times of arrival for any two channels, a bearing to the
sound source can be manually plotted. When the five independent bearings
all intersect closely, the weapon location has been determined. Figure 3
demonstrates which of the sound “"breaks" in Figure 2 could be correlated to
give sound locations. Table 1 lists the basic characteristics of the cur-
rent US sound ranging system. Near-term improvements to this system in-
clude replacement of wire by radio data links and a computer and CRT to as-
sist in plotting the sound locations.

Although Figure 2 depicts a strip of tape with a relatively low
rate of sound events, about 25 sound events per minute, one can see that
the art of reading and correlating the breaks requires a high level of
skill and proficiency. In particular, it has long been known that high
rates of fire can completely saturate a reader's ability to resolve any
targets on a tape in a timely manner,

To date, no study has been found which addresses the loading prob-
lems a sound ranging system will face in a mid-to-high-intensity scenario.
The sound ranqing effectiveness model was developed in order to determine
how often a sound ranging system will be saturated, and what target producing
capabilities it will have in such a scenario.

3. SREM DESCRIPTION

Figure 4 shows the basic flow diagram for the sound ranging effec- §
tiveness model (SREM). #
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SOUND RANGING EFFECTIVENESS MODEL

1. INPUT FIRE MISSIONS
GENERATED IN WAR GAME

r
('2. GENERATE SOUND EVENTS )
O MUZZLE BLASTS

ARTILLERY
TANKS
- O MUNITION IMPACTS |

!
} 1
: | !
! 3. TIME ORDER ALL SOUND :
\ EVENTS AT MICROPHONE
1‘ .

CRITERIA

5. ASSESS TARGET

4, IDENTIFY DISCERNIBLE
'SOUND EVENTS
USING DISCRIMINATION
[ ACQUISITION CAPABILITY '

FIGURE 4 BASIC FLOW DIAGRAM
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Step 1 -- missions are generated by a two-sided division level
wargame (DIVLEV) for both Red and Blue direct and indirect fire
units as well as air support. These missions are then used as
inputs to SREM.

Step 2 -- sound events are generated for the following battle-
field events:

muzzle blasts from - mortars
cannons
rockets
tank quns

impact blasts from - mortars
cannons
rockets
anti-tank guided missiles (ATGM)
air-to-ground missiles, bombs

Step 3 -- the sound events are ordered by their arrival times at
3 a sound ranging microphone.

4 Step 4 -- the loading effects on the sound ranging system are
assessed and discernible sound events are identified based on
the sound ranging system parameters being modeled.

Step 5 -- discernible sound events are examined to determine
which events represent hostile artillery targets which could
be reported. .

L 3.1 SREM Inputs.

Whenever an indirect fire mission is generated in the wargame,
the following information is written to an output file:

o e i e -

- time of the mission
duration of the mission
weapon location
target location
weapon type
number of weapons in the firing battery

When an engagement of direct fire weapons is generated in the wargame, the
following information is written to the output file:

- time of engagement
duration of the engagement
weapon location
1 weapon type
. number of rounds fired per minute

When an afr support mission is generated by the wargame the following is
written to the output file:

~ time the ordnance was delivered
location of the target

14 !




type of ordnance delivered
amount of ordnance delijvered

This output file which is generated by the wargame is then used as the
input file for SREM.

b 3.2 Generation of Sound Event Times.

Sound event times are generated based on the times that sounds
would arrive at the sound ranging microphone., Initial times for each sound
event, that is, the time the sound events were created, are based on the
mission start time (from the input file), and the sustained rate of fire
for that weapon. Initial times for impacts are based on the firing time
for the weapon involved and the flight time of the projectile (which is
dependent on the weapon-to-target distance).

Once an initial time for a sound event is determined, the time
required for the sound to propagate to the sound ranging microphone must be
; calculated. The propagation time in SREM is calculated using a constant
3 speed of sound (assuming a homogeneous standard atmosphere) over the distance
from the sound event to the microphone.l

3.2.1 Indirect Fire Times. At the start of each indirect fire i
mission, the initial firing time for each weapon is distributed normally :
about the mission start time in order to simulate crew reaction time.
Subsequent firing times for each weapon are based on a normal distribution
about the mean firing rate for that weapon. Table 2 gives the standard
rates of fire for the various indirect fire weapons which were played. A
standard deviation of one tenth the time between firings was used, and a
{ minimum firing time of one third the standard time between rounds was
i
\

imposed. Firing times for each weapon in that battery continue to be
generated for the entire length of the mission.

3.2.2 Direct Fire Times. For direct fire engagements, the initial
firing times and the subsequent firing times are calculated using the same
rules used for direct fire missions. However, the rate of fire for these
engagements is determined by the number of rounds fired by that unit in ,
that minute; this is obtained from the input file. Two engagements of the ,
same unit, therefore, will not necessarily have the same rate of fire. The
number of rounds fired is dependent on the individual engagement and is
determined by the wargame. For direct fire missions consisting of tanks
and anti-tank guided missiles (ATGM) only the muzzle blast from the tank
main armament, and only the impact sound from an ATGM are considered as
sound sources which would register on the sound ranging microphone. The
impact from a tank round and the launch of an ATGM are mostly high frequency
sound events which tend to be discriminated out at the microphone.

1 The reader 1s reminded that the purpose of SREM is to investigate only the
loading effects on sound ranging systems; the details of sound propagation
through moving and inhomogeneous atmospheres, although required for accuracy
calculation, is not warranted by the one second time resolution of SREM,

i
K
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3.2.3 Air Support Times. Air support missions have the number
and type of ordnance to be delTivered specified. The ordnance is delivered
uniformly over the time period indicated by the mission duration time.

3.3 Generation of Sound Intensities.

The firing charge used for each mission is determined by first
computing the range to the target; then from the weapon firing tables one
of the top three charges available for firing that range is selected
randomly. The peak over pressure detected at the sound ranging microphone
is calculated using the equation:

P = 210(Wl/3/R)1.047

where P = pressure in pounds per square inch,
W = equivalent charge weiy=t in pounds of TNT, and
R = range in feet from the sound source to the microphone.

This equation was developed by curve fitting to data collected by the
Ballistic Research Laboratories (BRL) and reported in BRL Report #1240,

SREM converts this pressure to amplitude in db for printout and storage.
Table 3 shows the TNT charges used for approximating both muzzle and impact
blasts. The charges are those used for the various missions fired in the
wargame. The equivalent TNT charge weights have already been taken to the
1/3 power as used in the propagation formula. It should be noted that

these equivalent TNT charges are matched to far field peak overpressures

and are not intended to reflect the destructive force from the actual muzzle
or impact blast,

3.4 SREM Bookkeeping.

Sound events are grouped by amplitude and then ordered based on
their arrival times at the sound ranging microphone. Figure 5 is a sample
output available from SREM. “MIN" is the minute of the wargame being dis-
played. "SEC" is the second in the minute under consideration. "TOT" is
the total number of sound events in that second which could be detected.
The numbers across the top indicate the amplitudes at which the sounds
arrived. Sounds arriving below 70db in amplitude were considered too low
to be detected and were, therefore, not included in the total. The numbers
to the right of the slash indicate how many of the total number of sound
events are Red indirect fire muzzle events.

One of the purposes of this model, given the loading effects of a
scenario, is to evaluate parametrically the target production potential of
sound systems based on the capability to discern sound sources whose sounds
overlap in time at the various microphones in the sound base. Therefore,
an input parameter was included which allows the user to arbitrarily define
when a sound ranging system is no longer capable of discerning targets due
to saturation. As the rate of sound events reaching the sound ranging
microphone increases, the capability of the system to discern targets
initially increases proportionally then levels off and finally decreases due
to both the overlapping of arriving sound signatures and the increased dif-
ficulty in associating which of the several sound breaks on each channel
corresponds to the same source., Within the expected area of coverage of a

17
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WEAPON TYPE

155mm howitzer

8 inch howitzer

81mm mortar

4.2 inch mortar

120mm mortar

122mm howitzer

152mm howitzer

TABLE 3. EQUIVALENT BARE TNT CHARGES USED TO
SIMULATE INITIAL SOUND INTENSITIES

EQUIgAkEgT
T HARGE
w%(m rBsl/3)
CHARGE
3w 1.46
4w 1.59
5w 1.90
ow 2.13
7w 3.04
1 1.63
2 1.87
4 2.34
5 2.50
6 2.81
7 3.04
6 .524
7 .555
9 .617
19 .745
20 .763
25 .839
39 .921
40 .927
1 .355
2 427
3 .479
4 .530
5 .575
6 .618
4 .538
3 1.37
2 1.67
1 2.02
Partial 2.34
Full 2.82
12 1.48
10 1.68
8 1.90
5 2.28
3 2.50
1 2.56
Full 2.63

EQUIVALENT TNT

CHARGE USED FOR
DETONAT{?g OF HE ROUND
(IN LBS™/7)

2.605

3.311

1.341

1.983

1.728

2.089

1.934 !
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WEAPON TYPE

122mm MRL
130mm gun

125mm tank gun
175mm gun

105mm tank gun
CBU-24

Rockeye
Maverick
RBK-500

RBK-250

500 1b bomb

CHARGE

Cr=NNWea

W N =

TABLE 3. CONTINUED

EQUIVALENT

s

CHARGE
(IN LBS

1/3)

.073

.186
.280
.401
.629
1.08

2.50
2.90
3.43
3.95
2.29

EQUIVALENT TNT

CHARGE USED FOR
DETONATI?y30F HE ROUND
(IN LBS )

2.089
2.089

3.288

4.54
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linear sound base (In a linear sound base the microphone are placed 1

sound sec apart), the arrival times at six microphones from a single sound
source will usually occur within 6 seconds. This input parameter, there-
fore, is defined in terms of the number of sound events arriving in a
6-second window at a single point. The point chosen for measuring the
number of sound events should represent the center of the sound base de-
ployed. In this way sound events have already traversed three microphones
by the time the model detects them., A location can be made wih information
from 3 channels (accuracy improves with additional information from other
channels), Therefore, using a six second window insures that a sound event
has or will have traversed at least three sound ranging microphones during
that 6 second period and that a location can be determined for each sound
event detected in a six second window where the CT has not been execeeded.

This input parameter, which we call the critical threshold (CT),
is defined as the maximum number of sound events that may occur during a
6-second period in which it is still possible to discern targets. By
varying the critical threshold, various sound ranging capabilities can be
modeled. The user should take care to identify all the variables which
will reduce the point at which a particular system will saturate (the CT),
since the results obtained are very dependent on this parameter.

Once all the sound events are generated, the output is scanned
with a 6-second window. If the total number of sound events in the window
is less than CT then all the Red muzzle events in that 6-second window are
counted as discernible., The number of discernible Red muzzle events in
that window 1s then used to increment how often that number of targets
could be detected at the current rate of fire. The Combat Surveillance and
Target Acquisition Lab at Ft. Monmouth, NJ performed an analysis on the
capabilities of sound ranging; part of their results are summarized in
Figure 6.

Figure 61 represents the resolvable combinations per minute for a
given number of arrivals per minute. This would represent the limiting
capabilities of a completely automated system in a steady state condition,
This also represents the physical limitations on sound ranging. For example,
the curve labeled "5 of 6" is the theoretical limit, assuming that the
interarrival times on each channel are distributed exponentially and inde-
pendently, that at least five out of six channels will have sound breaks ]
which do not overlap any of the other breaks on each of those channels.
Another way of understanding the curves displayed in Figure 6 is to assume
a limiting capability on a particular system. For example, if a system had
6 channels and required unmasked sound breaks on at least 4 channels then
the curve “< 4 of 6" would represent its capabilities, however, if that
same system required unmasked sound breaks on at least 5 channels then its
capability would be reduced to that labeled "< 5 of 6." This figure also
demonstrates that if you have a large number of microphones, then the
probability of having unmasked sound breaks on at least 5 channels is much
higher, which is only logical. It is noted that the abscissa for these

1 Figure 6 was provided by the Combat Surveillance and Target Acquisition
Laboratory, Fort Monmouth, NJ.

21




23S SCL = NOLLMTOSY - STVAIREY WOONVY

nowuo 34 *Auojedoqe] uorltsinboy 3abuae) pue

f

(CN “y3 ¥
18quo) Aq papiAoud a4nbLy) 'SIILITIGVAYD INIONYY ANMOS °9 3uN9I4 nv
f

i

!

Jdue| | L3AUNS jequ

JINNIW ¥3d SIVARRIV

oﬁ_uo 005 o@.v 00t 00¢ oﬁ,_\,,, oo |

TIEVAIOS:

gk

22

Ol §0 6%

UCINIW
WQO.)

&
&
SNOLVNIC

-o0Z

wOadi naVaVS SANONVL QN T2,




curves is the average number of sound events arriving per minute - not the
rate of fire - and that the ordinate shows how many of these events could
be resolved.

3.5 Outguts.

SREM provides the user with:

® a time history of when and how many targets were acquired
as well as the number of these that would be unique
targets

e percent of game time a sound ranging system would be
able to locate 1,2,3,..... etc. Red muzzle events for
all rates of fire in the game

o based on results obtained at the different rates of fire,
SREM computes what percent of game time a sound ranging
system would be able to locate 1,2,3,...... etc. Red
muzzle events assuming the rate of fire was held constant

e percent of game time for each rate of fire

3.6 Sample Results.

For the purposes of this analysis, it was assumed that a critical
threshold (CT) of 6 was equivalent to the capabilities of a present day
manual system comparable to that of an AN/TNS-10, A CT of 12 was assumed
to be equal to the capabilities of an achievable, automated system. The
1imiting potentials of these two systems are shown in Figures 7A and 7B.
For the manual system (Figure 7A) the potential for locating sound events
increases linearly as a function of total battlefield rounds per minute to
a maximum of 30 locations per hour at 30 rounds per minute. Beyond 30
rounds per minute the capability decays rapidly until slightly above 100
rounds per minute the system becomes saturated and no sound event locations
could be discerned. However, due to the processing time involved in reading
the charts, plotting the sound breaks and calculating the locations, this
system is saturated at 30 locations per hour. For the automatic system
(Figure 7B) the potential for locating sound events increases linearly
as a function of total battlefield rounds per minute to a maximum of 60
locations per minute at 60 rounds per minute, the automatic system's capa-
bility also decays rapidly until at approximately 200 rounds per minute
this system also becomes saturated and can produce no locations,

3.7 Sample Scenario.

A sample scenario consisting of 3 1/2 hours of daytime and 3 1/2
hours of nighttime combat was exercised using DIVLEV, AMSAA's two-sided
division level wargame. The artillery force composition is listed in Table
4, A1l the required inputs were extracted from both scenarios and SREM was
executed, modeling the capabilities of both a manual and an automatic system
as mentioned above.
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For the 3 1/2 hours of daytime combat (a covering force scenario),
Fiqure 8 shows the distribution of rates of fire by percent of game time.
Applying the capabilities of botl a manual and automatic system as described
above, a manual system (which is only operable at rates of fire below 100
rounds per minute) would be capable of making locations less than 1 percent
of the game time. An automatic system (operable below 200 rounds per
minute) would be capable of making locations approximately 9 percent of
the game time.

Figure 9 shows the distribution of rates of fire by percent of
game time for the 3 1/2 hours of night combat (which is nearer to the main
battle area). Again applying the two diffrent capabilities, a manual system
would still be limited in the amount of time it could be productive to less
than 4 percent: however, an automatic system in this scenario would remain
operable approximately 33 percent of the game time.

3.8 Sample Qutputs.

The capabilities of both a manual and an automatic sound ranging
system were modeled in SREM for both 3 1/2 hour segments of game time.
Figqure 10 shows for the daytime 3 1/2 hours of combat, the cumulative
number of unique Red artillery batteries located as a function of game time
for capabilities representing a manual system. During the first hour there
was a relative 1ull during which five targets could be located. For the
next 2 hours, the system was totally saturated until just past seven when
one more location was made. Figure 11 gives the cumulative unique Red
artillery batteries located as a function of game time for the capabilities
representing an automatic system. During the early 1ull that the manual
system was capable of making five locations, the automatic system was able
to make nine locations. For the next 90 minutes this system was also
saturated. When the next lull in the firing occurred, the automatic system
was able to locate 19 additional Red artillery batteries, compared to one
additional location for the manual system for the same time period.

Figure 12 is a manual system's capabilities during the 3 1/2-hour
nighttime segment of the battle. During the first hour there was enough
activity left from the daytime to saturate this system; there was then a
half hour 1ull during which 10 Red artillery batteries could be located,
but for the rest of the scenario this system was totally saturated. Figure
13 shows the automatic system's capabilities during the same time period.
The automatic system was able to take advantage of the slightly lower rates
of fire for the first hour and 45 minutes., During the next hour, there was
an attempted river crossing during which the rates of fire increased to
the point where they saturated the automated system. During the last 45
minutes, the system was again capable of producing targets at a usable
rate. Figure 14 is a summary showing the total number of unique Red bat-
teries located during both 3 1/2-hour segments of game time by the manual
and automatic systems. This shows that increasing sound ranging capabili-
ties to even a modest automated system increases the number of locations
four to five times.

Figures 15-18 show the target production capability as a function
of rate of fire for both the manual and automated systems. The rate of
fire in these graphs was based on continuous fire at rates generated by
DIVLEYV,
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FIGURE 14. SUMMARY OF UNIQUE SOUND RANGING ACQUISITIONS
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Figures 19-22 show the cumulative number of red indirect artillery
weapons capable of being located as a function of game time. When compared
to the unique number of batteries capable of being located it can be seen
that many batteries could have been located several times.

In a tactical situation, however, rates of fire rarely remain con-
stant for more than a few seconds. When the average rate of fire is high
it may be possible to still locate some targets during lulls in the firing.
For the purpose of giving the reader a feel for these tactical fluctuations,
the resolvable targets displayed in Figures 15-18 are also given in Figures ,
23-26, where in the latter figures the rates of fire are averaged over a
five minute period around the six second window used for determining the
number of discernable targets. In Figures 23-26, the potential of the hypo-
thetical sound systems to locate hostile indirect fire weapons depends on
the tactical fluctuations in the overall rates of fire as well as the sound
system resolving capability.

4. SUMMARY

The Sound Ranging Effectiveness model was not designed to madel
any one system. SREM provides the distribution of sound events down to a !
j-second resolution as would be expected in a tactical situation. The use
in SREM of a critical threshold (CT) is a simplified parametric approach
to modeling various sound ranging capabilities. In the event the user
wishes to model a specific system in greater detail, SREM has been set up
to allow the user to easily add subroutines reflecting their system model,
The program will provide a sliding 6-second window which may be examined
by any subroutines, The 6-second window will contain the amplitude and
type of every sound event occurring in this window.

SREM has been developed to address the problems of loading and
saturation of sound ranging systems. As such, it can provide to the analyst
estimates of sound ranging performance or to the designer, future system
requirements based on various scenarios. " The authors feel that the passive
operation and relatively low cost make future automatic sound ranging
systems viable candidates for helping to satisfy the Army's counterbattery
target acquisition needs. Although not addressed in this model, improved
meteorological data acquisition systems and numerical plotting solutions
are being developed which significantly improve sound ranging accuracy as
compared with past capabilities. Accuracies better than 50 meters can be
expected under favorable conditions such as nighttime or fog (utilizing short
base subarrays and cross correlation techniques). It is-also clear that
future sound systems for the fast moving European scenarios will have to
use radio Tinks and automatic positioning systems which are under development
to greatly enhance mobility over what has been achievable in the past.

In short, with improved accuracy and mobility on the horizon,
the use of microprocessors for signal processing and mini computers for
numerical plotting solutions would make automatic sound ranging a consider-
able target acquisition asset as illustrated in SREM example scenario.
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APPENDIX A

THE SOUND RANGING EFFECTIVENESS MODEL (SREM)
USER'S GUIDE

SREM is designed to examine the loading problems a sound ranging sys-
tem will experience in a given scenario. To do this, SREM re-cives as
input both Red and Blue, direct and indirect firing missions and Close Air
Support missions. Sound events are generated for each of these missions
to account for the muzzle blast for artillery, and the impact sound event
for artillery, direct fire and Close Air Support missions. These sound
events are then time ordered based on the time they would reach the sound
base and are then examined to see when the sound ranging system being
modeled would be capable of making locations. SREM also keeps track of
Red muzzle events so that when the sound system is capable of making loca-
tions, it counts the number of unique Red muzzle events which would be
available to be located. N

SREM requires the initialization of the sound base location, start and
stop times, one parameter describing the saturation limit if the system
being modeled, and one describing the resolution in terms of rate of fire
you wish to have in the results. The initialization procedure and where to
locate the required data statements are described in detail in this guide.

The Sound Ranging Effectiveness Model is presently configured teo
receive its inputs from DIVLEV, a two-sided division level wargame; DIVLEV
generates an input file which is later read by SREM. In the event the user
wishes to generate an input file, the format required for this file is
included.

The sound ranging effectiveness model was written on a CDC 7¢00 computer
and contains some coding peculiar to that system. The following are CDC
unique and will have to be changed if the program is run on a different
system,

1. The first line of iLhe proygram is a program statenment which declares
how files are to be used.

2. Several large arrays are found in "LEVEL 2" statements, this places
these arrays in an auxiliary portion of memory. These are large arrays and
some provision may be required in order to handle them,

Required initialization inputs for SREM

o Location of sound base to nearest 100 meters*

* The user should be careful to note if any special coordinate systems are
being used to create the input. SREM assumes all oordinates are given to
the nearest 100 meters.

49




ESNDBS
NSNDBS

Easting 3 Digit UTM coordinate
Northing 3 Digit UTM coordinate

o Starting time =

MASTIM - standard military time.

'
The starting time need not agree with the starting time of
the input file. The program will step through the input
file until a time equal to MASTIM is reached.

¢ Stop time =
MAXTIM - Standard military time.

If the simulated time step reaches this time before it reaches
the end of file SREM treats it as an end of file.

o Critical threshold

CT = Maximum number of sound events occurring in a 6-second
period during which all sound events in that window could be
located. (Max = 18)

f e Method of calculating Rate of Fire

SYS = 1, Rate of fire is calculated by the 5-minute average
! rate of fire immediately preceding the 6-second window in
question.

= 2, Rate of fire is calculated by taking the number of
\ muzzle events in the 6-second window and extrapolating it
' to 1 minute.

e Resolution of Summary output
ROF = Increment of rate of fire for summary outputs. (i.e.,
ROF=25 will display all outputs on rate of fire steps of 25.)

A1l the required inputs for initialization can be found in data state-
ments in the main routine. The locations of the various data statements
are in Table 1.

The input file must be unformatted records eight words per record.
Records are read into array MISHUN one at a time. The records for indirect
fire missions must follow the format found in Table 2, for a direct fire
mission Table 3, and for a close air support mission Table 4.
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TABLE 1
3 : LOCATION OF DATA STATEMENTS FOR INITIALIZATION

e Sound Base location
Easting {ESNDBS) = line 20 main routine
Northing (NSNDBS) = line 31 main Eoutine
e Starting time
MASTIM = Tine 32 main routine
o Stop time
] < MAXTIM = line 33 main routine
e Critical threshold
T = 1fne 34 main routine
e Method of calculating rate of fire
SYS = line 35 main routine

® Resolution of outputs

- e e Sttt - S

. l ROF = line 36 main routine
3
f
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TABLE 2

SREM INPUT FILE (MISHUN (1), I = 1,8)

o Artillery Missions (indirect fire)

MISHUN
HMISHUN
MISHUN
MISHUN
MISHUM
MISHUN
MISHUN
MISHUN

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Number of weapons in this battery.

Time this artillery mission will begin.

Easting coordinate of target to nearest 100 meters.
Morthing coordinate of target to nearest 100 meters.
Duration of this mission.

Easting coordinate of firino weapon to nearest 100 meters.
Northing coordinate of firina weapon to nearest 100 meters.
Coded number;

First 3 digits = unique 3 digit identifier for this battery.
Second 2 dicits = resource number (See Table 5)

Blue

Red

Last digit = force; 1

2]
[
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TABLE 3

¢ Direct Fire Missions

MISHUN (1)

Number of rounds fired in this minute by this weapon.

MISHUN (2)

Time this direct fire mission began.
MISHUN (3) and MISHUN (4) = Zero (0)
MISHUN (5)

Duration of this firing mission (in minutes).

MISHUN (6)

Easting coordinate of weapon firing to nearest 100 meters.

MISHUN (7) = Northing coordinate of weapon firing to nearest 100 meters.

MISHUN (8)

Coded number (same as indirect fire).

e g— i s oA s - w—

o
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TABLE 4

o Close Air Support Mission
MISHUN (1) = Coded number;

First digit = type of ordnance as follows:

BLLUE TYPE # RED

CBU - 24 1 RBK - 500
Rockeye 2 RBK - 250
Maverick 3 500 LB Bomb

Last 2 digits = number of sticks of this type ordnance.

A stick is as follows:

| CBU-24
| Rockeye 8 each
| RBK-500
| RBK-250
|
Maverick - 2 each

500 1b Bomb - 2 each

A

MISHUN (2)

Time this ordnance was delivered.
MISHUN (3)
MISHUN (4)

Easting coordinate for this target to the nearest 100 meters.

Northing coordinate for this target to the nearest 100 meters.

One (1)

MISHUN (€) and MISHUN (7) = Zero (0)

MISHUN (8) = Coded number (same as direct fire). S E

MISHUN (5)
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Blue lHeapon

TABLE 5

Resource
Number

Red Weapon

M60A3 Tank w/105mm aun

Cobra/tow

Mortar, 81mm (}29A1)

155mm Howitzer SP (M109A1)
8-inch Howitzer SP (M110E2)
175mm Gun SP (M107)

M113A1 w/tow

Tow, Ground Mounted

- —— —

Mortar, 4.2-inch SP

g e - o ———

Jet Aircraft, CAS

2

[ ) TR S 5 BN 9N |

11
12
13
20
21
22
28
3e

T72 tank w/125mm cun
APC, 8MP w/Sagcer

HIMC-A w/Sageer

Mortar, 120mm (m1938-43)
BRDM w/Sagoer

122rm Howitzer (D-230)
152mm G/H (D-20)

122mm MRL (BM-21)
Sageer, Manpack

122mm Howitzer, SP(M1974)
152mm G/H, SP (M1973)
130mm Gun (M-46)

240mm MRL

Jet Aircraft, CAS

Next page is blank.




APPENDIX B
SAMPLE RUN
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APPENDIX B
SAMPLE RUN

A 10-minute simulation was set up for demonstration purposes. The
initialization values used are in Table B-1. The input records used are in
Table B-2. Figures B-1 through B-11 contain the minute by minute record
available as an output of all the sound events. This output is described
in detail on page of the main report. Figure B-12 is an output which
provides the average number of Red muzzle events when the total number of
sound events was 1,2,3, ..... etc. Figures B-13 and B-14 are outputs which
provide for each minute of the game the total number of potential targets
and the total number of unique targets respectively.

Figure B-15 provides for each rate of fire band, what percentages of
the total game time a sound ranging system would be capable of locating
0,1,2,3, ... etc. weapons. For example, the rate of fire was between 25
and 50 rounds per minute and it was possible to locate 2 Red muzzle events
14.44 percent of the total game time. slso, the rate of fire was between
25 and 50 rounds per minute and no Red muzzle events occurred during 22.5
percent of the total game time.

The "LOST" column indicates what percentage of the game time there
were Red muzzle events but the threshold was exceeded and no locations
could be made. The "TOT" column indicates what percentage of game time the
rate of fire fell within that band.

Based on the previous outputs, it was determined what percentage of
the time it was possible to locate 1,2,3, ... etc. Red muzzle events when
the rate of fire was within a specific band.

For example, in Figure B-16 under the column marked "2" and in row
marked "25 - 50" you will find the number 15.07. This indicates that 15.07
percent of the time that the rate of fire was within the 25 - 50 rounds per
minute band, it was possible to locate 2 Red muzzle events.

Figure B-17 is a 5-minute moving average of the rate of fire by bands.
Since this was a very short run, all the rates of fire fell within 25 - 50
rounds per minute.

[t
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SAMPLE INPUTS

Below are the inputs for the sample run.
ESMDBS = 460
MSNDBS = 230

The sound base is located at 460 east, 230 north, (SREM assumes
100 meter accuracy.)

MASTIM - 10430

The start time for this run will be day 1 at 0430. (SREM has a
1 minute time resolution.)

MAXTIM = 10441

The stop time for this run will be day 1 at 0441. (SREM stops
vhen it reaches this time, any inputs with this time will be

ignored.)
CT=6
The system being modeled in this run has the capability of discerning
targets when there are no more then 6 overlapping sound events in
a six second window.
sYs =1
For this output we wish to have the rates of fire calculated
based on the 5 minutes immediately preceding the six second window.
ROF = 25

A11 the outputs for this run will be displayed in rate of fire
steps of 25.

TABLE B-1
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